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Ceftriaxone sodium is an antibiotic used clinically. We have developed a strategy for evaluation of the consis-
tency of ceftriaxone sodium for injection and used it to replicate the formulation. Comparison of the quality of
generic and original raw materials and analysis of the process of drug production revealed that the quality of
ceftriaxone sodium raw material is the most important factor in replicating the formulation, and a key factor
affecting the quality of raw materials is the ceftriaxone sodium crystallisation process. Secondly, the solution
clarity of the formulation, another key aspect, was addressed by controlling the leachable components found
in rubber closures used in the packaging. The time to achieve therapeutic efficacy of the preparation could be
preliminarily evaluated by determining the rates of salt formation and protein binding. Finally, the key quality
control index and drug quality standards were evaluated by systematic comparison of the pharmaceutical in-
dex of generic products with that of the original preparation, particularly the impurity profile. On this basis, a

strategy for the evaluation of ceftriaxone sodium for injection has been developed.
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1. INTRODUCTION

China is a country where generic drugs are widely used,
in particular, most antibiotics used in the country are pro-
duced by domestic generic manufacturers. In February 2016,
the General Office of the State Council of China issued the
“Opinion on the Consistency Evaluation of the Quality and
Efficacy of Generic Drug”, proposing that “the generic drugs
approved for listing before the implementation of the new
classification of chemicals must be evaluated for consistency
if they are not approved in accordance with the principle of
consistency with the quality and efficacy of the original
drug.” The purpose of the generic drug consistency evalua-
tion is to guarantee the quality and therapeutic efficacy of do-
mestically manufactured drugs, to allow the substitution of
generic drugs and original drugs in the clinic, to reduce na-
tional medical expenses, and to promote globalization of the
pharmaceutical industry. In December 2017, the Centre for
Drug Evaluation issued “The Technical Requirements for
Consistency Evaluation of Listed Chemical Generic Drugs
(Injections) (draft for comments)” [1] and officially launched
the consistency evaluation of the quality and efficacy of ge-
neric drugs for chemical injection. Taking antibiotic injec-
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tions as an example, we discuss the main concerns with and
strategies for the evaluation of consistency evalua-
tion/re-evaluation of injections [2] and propose that “in the
generic drug consistency evaluation, we should first have a
deep understanding of the critical quality attributes (CQAs)
of reference preparations, determine the critical material at-
tributes (CMAs) and critical process parameters (CPPs), re-
veal the main quality differences between generic and refer-
ence preparations, and realise the control of the CQAs of the
product and ensure consistency between generic and refer-
ence preparations through the control of CMAs and CPPs of
generic drugs.” The quality and efficacy information of do-
mestic generic drugs are usually well documented, especially
in the national evaluation inspection over the years. In the
generic drug consistency evaluation, key quality differences
between domestic generic drugs and reference preparations
can be identified through systematic literature research, and
targeted improvements can be made.

Ceftriaxone sodium is a third-generation cephalosporin
developed by the Swiss pharmaceutical company Roche in
the 1980s and marketed under the trade name Rocephin.
Ceftriaxone sodium is a crystalline powder, and ceftriaxone
sodium for injection is manufactured in a sterile packaging
process. Therefore, the quality of the preparation depends
largely on the quality of the raw materials used. In 1991,
ceftriaxone sodium and its preparations were successfully
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Fig. 1. Strategy of evaluation of the generic ceftriaxone sodium for injection.

replicated in China. At present, there are 35 domestic manu-
facturers producing ceftriaxone sodium as a raw material
with 35 approval numbers and 104 manufacturers producing
ceftriaxone sodium for injection with 336 approval numbers.
There are many studies evaluating the differences in quality
between generic ceftriaxone sodium for injection prepara-
tions and Rocephin in China and abroad [3 — 5]. We used this
as a demonstration variety to establish an approach for the
evaluation of consistency of antibiotic injections as per the
recommended strategy and replicated the formulation for the
purposes of our study. The feasibility of the strategy and the
key factors affecting the evaluation of consistency of the ge-
neric drugs are discussed by comparing the generic drugs
with the original ones.

Ceftriaxone sodium (C  H,/N.Na,O,S, 32 H,0) is a
crystalline powder containing 3.5 crystalline water mole-
cules and 2 sodium atoms. The national evaluation inspec-
tion data showed that incomplete salt-formation was ob-
served in domestically-produced ceftriaxone sodium. This
can cause high serum protein binding of the drug, leading to
delayed action [6]. Additionally, the clarity of ceftriaxone so-
dium reconstituted solutions worsens during storage [7],
which may be attributed to the specific adsorption of the
2,6-ditert-butylp-methyl phenol (BHT) and total siloxanes in
rubber closure by ceftriaxone sodium [8]. This absorption is
worsened by the unsuitable crystal structure, resulting in in-
creased turbidity [9].

Ceftriaxone sodium can form a variety of impurities dur-
ing production and storage [10 — 12]. Data of the national
evaluation inspection data revealed that the impurity profile
of ceftriaxone sodium for injection manufactured in different
enterprises in China varied greatly, showing 4(14 various im-

purities (unpublished information). Various impurities in
cephalosporins cause different toxic reactions [13] and it is
suggested that adverse drug reactions may vary based on the
impurity profile of the products. Based on the above analysis
and the process of preparation of ceftriaxone sodium for in-
jection, the quality of raw materials is thought to be the most
critical factor in the replication of the formulation. The most
important factor affecting the quality of the raw material is
the process of crystallisation of ceftriaxone sodium.

Basic strategies for the effective production of
ceftriaxone sodium for injection are as follows:

(1) Raw materials with similar crystallisation processes
and similar quality were selected. X-ray diffraction (XRD)
spectra of the powder were used to screen the crystallisation
process of the raw materials. According to Xue, et al. [5], the
XRD pattern of the raw material powder should be basically
consistent with that of the reference preparation. In addition,
the wet product and moisture content of ceftriaxone sodium
were determined by referring to the literature [14].

(2) The quality of the rubber closures used for the pack-
aging was also evaluated. The quantitative relationship be-
tween the adsorption amount of migrant BHT and total
siloxane (hexamethylcyclotrisiloxane, octaethylcyclotetrasil-
oxane and decamethylcyclopentasiloxane), and the solution
clarity was used to determine the maximum BHT and total
siloxane content permissible in the rubber closure [8]. These
data were used to establish the quality control standard for
the rubber closure used in ceftriaxone sodium for injection.

(3) The key quality control indexes and drug quality
standards were determined by comparison of pharmaceutical
indexes, particularly the impurity profiles, with those of ref-
erence preparations.
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Thus, a strategy for the evaluation of generic ceftriaxone
sodium for injection was developed as is depicted by the dia-
gram in Fig 1.

2. EXPERIMENTAL

2.1. Chemicals and Reagents

The reference ceftriaxone sodium for injection was pur-
chased from F. Hoffmann-La Roche Ltd. (Welwyn Garden
City, UK; batch number B0467B03). The domestic reference
preparation, ceftriaxone sodium for injection, was purchased
from Shanghai Roche Pharmaceutical Ltd. (Shanghai, China;
batch number SH6550). Three batches of self-developed ge-
neric preparations (batch numbers 22190501, 22190502, and
22190503) were used and ten samples of ceftriaxone sodium
for injection from different manufacturers were collected
from the market inspection in 2017(2018. Ceftriaxone refer-
ence substance (batch number: 130480-201504, content:
83.9%), ceftriaxone E-isomer reference substance (batch
number: 130660-201702), and ceftriaxone impurity C refer-
ence substance (batch number: 130661-201001, content:
99.1%) were provided by the National Institutes for Food
and Drug Control. Impurities B, D, and E were synthesised
by Sundia MediTech Company Ltd. (Shanghai, China).

Acetonitrile (chromatographic grade, 99.99%) was pur-
chased from Thermo-Fisher Scientific (Waltham, MA, USA;
LOT 190262). Octylamine (ALDRICH, LOT STBF6957V),
human serum albumin (HAS; content >96%; SIGMA, LOT
SLBT3708), and BHT (SIGMA, LOT BCCB4438) were pur-
chased from Sigma Aldrich (St. Louis, MO, USA).
Hexamethylcyclotrisiloxane ~ (TCI, LOT  RIYJI-SH),
octamethylcyclotetrasiloxane (TCI, LOT 073XB-GC), and
decamethylcyclopentasiloxane (TCI, LOT KAF20-CK)
were purchased from Tokyo Chemical Industry (Tokyo, Ja-
pan). Sodium elemental standard material (1000 pg/mL,
batch number 191068-3) was provided by the National Anal-
ysis and Testing Centre for Nonferrous Metals and Electronic
Materials.

2.2. Experimental Techniques

Powder x-ray diffraction. The following settings were
used for XRD analysis: anode target, Cu; voltage, 45 kV,
current, 200 mA, monochromator, Ni filter; detector, D/teX
Ultra 250 one-dimensional array detector, 26:3(50°; scan-
ning interval, 0.01°; scanning rate, 8°/min; slit system, Soller
Slit 5.0°; IS, 1/2°; ISL, 10.0 mm; RS1, 20.0 mm; and RS2,
20.0 mm.

Impurity profile analysis. Liquid chromatography (LC)
was done using an Agilent1200 Infinity series system
(Agilent Technologies Inc., Santa Clara, CA, USA), with an
Agilent OpenLab2.3 workstation. Conventional chromato-
graphic analysis was carried out using a Kromasil 100-C18
(250 x 4.6 mm, 5 um) column. Mobile phases A and B were
0.02 mol/L octylamine solution-acetonitrile 73:27 (pH value
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adjusted to 6.5 using phosphoric acid), and acetonitrile, re-
spectively. A linear elution gradient was used: 0 — 5 min,
100% A; 5—45min, 100 —-70% A; 45— 55 min, 70 — 60%
A; 55—-56 min, 60 —100% A; 56 — 65 min, 100% A. The
flow rate was set to 1.0 mL/min, wavelength to 254 nm, and
column oven temperature to 30°C.

High-resolution mass-spectrometry (HR-MS).
HR-MS measurements were performed with a dual gradient
UltiMate3000 HPLC system (Dionex Inc., Sunnyvale, CA,
USA) equipped with a Q Extractive Focus LTQ Orbitrap XL
high resolution mass spectrometer (Thermo Fisher Scientific
Inc.), as per the method described by Jin, et al. [15]. This
analysis was performed on Capcell Pak MGII C-18
(150 mm x 4.6 mm, 5 um) column. Mobile phases C and D
were 0.5% formic acid solution and acetonitrile with 0.5%
formic acid, respectively. A linear elution gradient was as
follows: 0(5.5 min, 100% C; 5.5-25min, 100-0% C;
25 -30 min, 100 — 0% C. Ion source was operated in the
electrospray ionization mode. The switch valve quantitative
ring volume was set to 500 puL. The LC-MS parameters were
as follows: spray voltage, 3.0 kV; capillary temp, 350.0°C;
sheath gas flow rate, 35 L/h; aux gas flow rate, 10.0 L/h; aux
gas heater temperature, 350°C; S-lens radio frequency level,
50.0; scan range, 100 — 1000 m/z. The primary mass was
measured in positive polarity at a resolution of 70,000; for
the secondary mass, the resolution was 17,500, the isolation
window was 3.0 m/z, (N)CE was 10, and the default charge
state was 1. Data processing was conducted using the
Perlscript (Quant Merge) software.

2.3. Relationship between the Adsorption Capacity
of Migrates and Solution Clarity

Analysis of sample solution clarity. Ceftriaxone so-
dium for injection preparations from 10 manufacturers were
selected from market inspection records and made into a
10 mg/mL aqueous solution. Visual inspection and
turbidimetry were used to assess the clarity of the solution, as
described in the Chinese Pharmacopoeia [16]. In the
turbidimetry method, a HACH TL23 instrument (Hach,
Ames, 1A, USA) was used to measure the turbidity of each
sample. Three measurements were taken and the average was
calculated. The turbidity value of a blank solution was de-
ducted from the mean value to get the turbidity value of sam-
ple solution.

Adsorption capacities of migrants. The antioxidant
(BHT) and siloxane (hexamethyl cyclotrisiloxane, octaethyl
cyclotetrasiloxane, and decamethyl cyclopentasiloxane) in
the rubber closure can form an insoluble complex with
ceftriaxone sodium, causing the solution to become turbid
[8]. The adsorption capacities of migrants in the products
from 10 manufacturers were measured using Agilent
7694 — 7890 gas chromatography system (Agilent Technol-
ogies Inc., Santa Clara, CA, USA). The chromatographic
column was composed of 5% phenyl-95% methylsiloxane
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(DB-5MS, 30.0 m x 0.25 mm x 0.25 m), the carrier gas was
nitrogen, and the flow rate was set to 1.0 mL/min. The pro-
grammed temperature of the column was maintained at 50°C
for 10 min, then increased at a rate of 10°C/min to 170°C for
20 min, and the headspace condition was 121°C for 30 min.
The death time (#,) of the chromatographic system was deter-
mined using methane.

Quantitative relationship between the adsorption capac-
ity of migrates and solution clarity was studied taking the
peak area of migrates in the samples as the x-axis coordinate
and the turbidity values of samples as the y-axis coordinate.
This curve was used to determine the quantity (peak area) of
migrates in the sample that would produce a solution com-
plying with the clarity requirements specified in the Chinese
Pharmacopoeia (turbidity not more than that of standard so-
lution no. 1).

2.4. Quality Control of Rubber Closure

To prepare the test sample, a rubber closure was cut into
pieces, placed into a 10 mL headspace bottle, sealed with a
blank rubber closure, and determined by HS-GC. Reference
solutions were prepared by dissolving octamethyl cyclotetra-
siloxane in dimethyl sulfoxide (0.04, 0.05, and 0.06 mg/mL).
Aliquot (1.0 mL) of each solution was accurately transferred
to 10 mL headspace bottle, sealed, and injected by head-
space. The peak areas of reference solutions with different
concentrations were measured by HS-GC and a linear equa-
tion of relationship between the peak area and concentration
of reference substance was determined. The quantity of BHT
(peak area) in the rubber closure corresponding to the clarity
limit stated in the Chinese Pharmacopoeia was determined
using the adsorption capacity of migrate—solution clarity
curve described in section

This was then used to determine the concentration of refer-
ence substance corresponding to this value (0.0518 mg/mL),
based on the peak area-reference substance concentration lin-
ear equation. One third of the peak area corresponding to this
concentration was used as the reference peak area (A ) for
the quality control of the rubber closures. The peak area of
BHT should be no more than 3.0 times 4, ; and the peak area
of volatile total siloxane should be no more than 3.5 times

ref”

2.5. Analysis of Protein Binding Rate

Human serum albumin (0.66 g) was weighed and trans-
ferred to a 10 mL volumetric flask, and water was added to
form solution A. Ceftriaxone sodium for injection (16.3 mg)
was weighed, transferred to a 25 mL volumetric flask, and
water was added to dilute and form solution B. Then, 1.0 mL
of each solutions was accurately measured and mixed for
10 min in a water bath at 37°C., Aliquot (250 uL) of this was
accurately measured, transferred to a centrifugal filter, cen-
trifuged at 25000 rpm for 90 sec, and the filtrate was taken as
the test preparation. Next, 1.0 mL of solution B and 1.0 mL
of water were accurately measured, mixed, and prepared in
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the same way as the standard. Equal volumes (approximately
10 pL) of the test preparation and standard preparation were
separately  injected into the chromatograph, the
chromatograms were recorded, and the protein binding rate
was calculated as follows:

A sample

Protein binding rate (%) =1 x100%,

standard

where, A, is the peak area of ceftriaxone in the test prep-

aration, and A4 is the peak area of ceftriaxone in the
standard

standard preparation.

2.6. Analysis of the Rate of Salt Formation

Approximately 20 mg of ceftriaxone sodium was trans-
ferred to a 50 mL volumetric flask, dissolved in water and di-
luted to volume. Of this solution, 5.0 mL was transferred to a
50 mL volumetric flask, diluted with water to volume,
shaken well, and was used as the test preparation. To prepare
the standard solution, sodium single element standard sub-
stance (5 mL) was transferred to a 50 mL volumetric flask,
diluted with water to volume, and shaken well. Of this solu-
tion, 1.0, 2.0, 3.0, 4.0, and 5.0 mL samples were transferred
to 100 mL volumetric flasks, diluted with water to volume,
shaken well, and used as a series of standard solutions. The
content of sodium ions in the samples was determined by
atomic absorption spectrophotometry [16] at 589 nm using
the standard curve method. The ceftriaxone content in the
samples was measured by the method described in the Chi-
nese Pharmacopoeia (2015 edition) [17] and the salt forma-
tion rate was calculated.

2.7. Comparative Study of Stability

As per the guidelines for stability testing of raw materi-
als and preparations (9001) in the Chinese Pharmacopoeia
(2015 edition), accelerated stability testing was carried out at
40 and 75% relative humidity to compare the difference be-
tween generic drugs and reference preparations using the
samples taken 1, 2, 3 and 6 months from the start of the
study. The related substances and polymers were analyzed
for impurities as described in section 2.2.2. Changes in the
solution color were determined by colorimetry. Other param-
eters (appearance, identification, acidity or alkalinity, water,
particulate matter, weight variation, visible particles, bacte-
rial endotoxin, sterility, and assay) were evaluated as per the
methods described in the ceftriaxone sodium for injection
monograph in the Chinese Pharmacopoeia (2015 edition)
[18].

Rubber closure compatibility test. As per the
YBB00142002-2015 guidelines for compatibility testing of
drugs and their packaging materials, the product containers
were inverted and stored at 40°C and 90% relative humidity.
Samples were taken 1, 2, 3, and 6 months after the start of
the study. The clarity of solutions was evaluated as per the
method described in Section 2.3.



1516

Xiaomeng Chong et al.

200000 +

150000 +

—

100000 4—A—_J

Intensity(Counts)

50000

W)

wjmm

Mw\/bwuva

Cc;ﬂ_f

10

40
20/°

Fig. 2. Powder x-ray diffraction patterns of domestic generic preparations (a, b, ¢), domestic reference preparation (d), and reference prepara-
tion (e). The ratio of the relative peak strength of [2/11 was approximately 1.5 and that of 13/11 was approximately 2 in the reference preparation;
12/11 of the generic materials was approximately 0.8~1.0 and 13/I1 was approximately 1.0 and 1.2.

Adverse drug reaction monitoring. The adverse drug
reaction monitoring reports, from 1% January 2010 to 31%
December 2018, of ceftriaxone sodium for injection pro-
duced by Shanghai Roche Pharmaceutical Co., Ltd., an im-
port enterprise of domestic reference preparation and two do-
mestic enterprises with large production share (enterprise 1
and enterprise 2) were collected from the national database
of adverse drug reactions. The organ systems involved the
reported serious adverse drug reactions were statistically an-
alyzed, and differences in the types of adverse drug reactions
caused by the products from different manufacturers were
compared.

3. RESULTS

3.1. Powder x-ray Diffraction Analysis

The domestic generic preparation, domestic reference
preparation, and reference preparation were analyzed by
powder x-ray diffraction (Fig. 2). The number and positions
of the diffraction peaks of each sample are seen to overlap,
indicating that their crystal forms were essentially the same.
Referring to the work by Xue, et al. [5], the differences in the
diffraction peaks at 20 =11 — 13° and 26 = 18 —23° were
further compared. The diffraction peaks in the range of
20 = 18 — 23° showed some variations: the ratio of the rela-
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Fig. 3. (a) Chromatogram of known impurities in ceftriaxone sodium. (b) Chromatogram of reference preparation. (¢) Chromatogram of ge-
neric preparation. The remaining are typical chromatograms of domestic preparations.
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TABLE 1. Main Impurities Identified in Ceftriaxone Sodium for Injection
Impurity Relative retention time (RRT) Structure
Ceftriaxone sodium 1.0 HoN COOH
o}
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(impurity B) HoN
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(impurity C) N7 N
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Chromatographic peak 5 1.5
(E-isomer, impurity A)
Chromatographic peak 6 1.6
(impurity D)
Chromatographic peak 7 1.8

(dimer II hydrolysate)
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Impurity Relative retention time (RRT) Structure
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(dimer I hydrolysate)
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Fig. 4. Gas chromatograms of rubber closures from different manufacturers: (1) hexamethyl cyclotrisiloxane, (2) octamethyl cyclotrasiloxane,
(3) decamethyl cyclotrasiloxane, (4) butylated hydroxytoluene (BHT).

tive peak strength of 12/I1 was approximately 1.5, and that of
I3/11 was approximately 2 in the reference preparation;
meanwhile, 12/I1 of the three batches of generic preparations
was about 0.8~1.0, and 13/I1 was approximately 1.0 and 1.2.
Variations in the relative peak intensity of specific diffraction
peaks in the three batches of generic preparations indicated
that the process control level of raw material crystallization
was lacking.

3.2 Impurity Profile Analysis

Related substances found in the reference and domestic
preparations (five manufacturers) of ceftriaxone sodium for
injection were compared (Fig. 3). More than 10 kinds of im-
purities were identified in the product; those in the domestic
generic preparations were analyzed using an impurity refer-
ence substance combined with column switching HR-MS.
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Fig. 5. Correlation between the total siloxane peak area and turbidity value, butylated hydroxytoluene (BHT) peak area and turbidity value, and

peak area of the sum of total siloxane and BHT and turbidity value.

The main impurities of ceftriaxone sodium are listed in Ta-
ble 1. Mass spectrometric analysis of impurities for which no
reference compounds were available is shown in the SUP-
PLEMENTARY MATERIALS section. Compared with
those in the products from other domestic manufacturers, the
types of impurities in the generic formulation were signifi-
cantly lower and equivalent to those found in the reference
preparation. The only impurity that was found in a concen-
tration greater than 0.1% was the ceftriaxone triazine ring
(impurity C). Impurity peak 3 (ceftriaxone impurity E,
0.05%) and impurity peak 7 (dimer hydrolysate, 0.03%)
were unique impurities that were found only in the domestic
products but not in the reference formulation. In the acceler-
ated stability experiment, the changes in the content of re-
lated substances in the reference, domestic reference, and the
three batches of self-developed generic preparations were es-
sentially the same. The content of impurity C increased over
time, while the increases in other single and polymer impuri-
ties was not obvious (Table 1). The impurity profiles of ge-
neric preparations were found consistent with that of the ref-
erence drug.

3.3 Quantitative Relationship between the Adsorption
of Migrates and Solution Clarity

Gas chromatographic analysis of the sample solutions
prepared from the rubber closures used by 10 different manu-
facturers of ceftriaxone sodium for injection was carried out,
and the types and contents of volatile substances in the rub-
ber closures used by the manufacturers were found to be sig-
nificantly different (Fig. 4). The differences in the total
siloxane and BHT content are shown in Table 2.

The quantitative relationship between the migrant ad-
sorption amount and solution clarity (turbidity value) of

ceftriaxone sodium for injection from 10 different manufac-
turers was analyzed (the turbidity of solution and the peak
area of volatile were determined twice for each batch of sam-
ples, and the average value was taken), and the results
showed a good correlation between the total siloxane chro-
matographic peak area and solution clarity, BHT chromato-
graphic peak area and solution clarity, and the sum of
siloxane and BHT peak area and solution clarity (Fig. 5). Ac-
cording to the principles of the 0902-clarity test method de-
scribed in the Chinese Pharmacopoeia (2015 edition) [16],
the absorbance (4) of the turbidity standard solution (No. 1)

TABLE 2. Turbidity Value, Total Siloxane Peak Area and
Butylated Hydroxytoluene (BHT) Peak Area of Ceftriaxone Sodium
for Injection from 10 Domestic Manufacturers

Ceftriaxon Sum of
cttniaxone Turbidity |Total siloxane| BHT peak siloxane
sodium

for injection value peak area area and BHT
(number) (NTU) (pAxmin) (pAxmin) peak areas

(pAxmin)
1 2.70 - 5.149 5.149
2 15.30 96.309 5.149 101.458
3 9.37 62.853 24.522 87.375
4 2.36 - 4.019 4.019
5 3.50 4.239 6.835 11.074
6 1.73 12.734 - 12.734
7 11.30 - 64.498 64.498
8 2.60 - 5.188 5.188
9 2.88 1.192 5.357 6.549
10 2.66 2.579 4.971 7.550
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at 550 nm was found to be 0.12 — 0.15, and its turbidity value
(NTU) was in the range 5.4 — 6.6. According to the quantita-
tive relationship between the adsorption of migrates and so-
lution clarity, the maximum adsorption of migrates allowed
in the sample (maximum peak area) that met the Chinese
Pharmacopoeia solution clarity standard (turbidity not more
than that of the standard solution) could be calculated. The
total siloxane peak areca, BHT peak area, and the sum of
siloxane and BHT peak area were in the ranges of 25(34,
20(28, and 30(40, respectively. The total siloxane peak area
should be not more than 3.5 times A_, the BHT peak area
should be not more than 3.0 times 4, and the peak area of
the sum of total siloxane and BHT should be not more than
4.0 times 4. Therefore, by regulating the amount of volatile
substances in the butyl rubber closure, the maximum adsorp-
tion of migrates in the product can be limited in order to en-
sure that turbidity of the sample solution is not more than
that of the standard solution (No. 1).

3.4 Comparison of the Generic and Reference Preparations

Comparison of key indicators. Key properties of the
reference and generic preparations of ceftriaxone sodium for
injection were compared. The key indicators of generic prep-
arations were found to be the same as those of the domestic
reference preparation, but slightly different from those of the
reference preparation. Results are shown in Table 3 (the pro-
tein binding rate was measured five times for each batch of
samples and the average value was taken; the content of wa-
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ter, value of pH and salt formation rate were measured twice
for each batch of samples and averaged. In the accelerated
stability test and compatibility test, 5 bottles of each batch of
sample were taken at each sampling time point; after mixing
the contents, related substances and polymer were measured
twice and averaged. The clarity of sample in 5 bottles was
measured and averaged.

3.5. Comparison of Stability

Outcomes of the accelerated stability tests of three
batches of generic preparation, one batch of domestic refer-
ence preparation, and one batch of reference preparation
were compared. All the pharmacopeial quality control in-
dexes (appearance, identification, acidity or alkalinity, water,
particulate matter, weight variation, visible particles, bacte-
rial endotoxin, and sterility) were found to be within accept-
able limits. The drug content in the three batches of generic
preparation decreased by 3 — 10% in 6 months of the stability
experiment; this was similar to that of the domestic reference
preparation, but the content of the reference preparation re-
mained almost unchanged (Table 3). Variations of the impu-
rity content in all the preparations were similar: all impurities
increased slightly during the experiment (Table 3). Increase
in the total polymer content for three batches of generic prep-
aration (0.09%) was slightly higher than that of the domestic
reference and the reference preparation (0.02%).

The change in color of the generic preparation was better
than that of the domestic reference and reference prepara-

TABLE 3. Comparison of Key Indicators of the Reference, Domestic Reference and Generic Preparations

Protein | Salt for-

Compatibility test
of rubber closure
Mean (SD)

Accelerated stability test

Batch | Water

number | (%) pH binding | mation

Total impurities”

tic ref-
erence
prepa-
ration

rate (%) | rate (%) Assay (%)* Impurity C(%) |Total polymer (%) |(excluding impuri-| Clarity € (NTU)
ties C)(%)

od 6m od 6m od 6m od 6m (0d) | (6m)

Generic |2219050| 9.3 6.7 80.2 | 1.87 | 940 | 91.1 | 0.06 | 059 | 0.04 | 0.10 | 023 | 028 | 0444 | 0.631
prepa- 1 (0.025) | (0.059)
ration 15519050/ 9.2 6.7 782 | 1.83 | 94.1 84.8 | 008 | 082 | 005 | 0.14 | 023 | 036 | 0.400 | 0.909
2 (0.031) | (0.059)

2219050/ 9.3 6.7 76,5 | 1.82 | 940 | 89.1 | 0.07 | 0.64 | 004 | 0.12 | 023 | 036 | 0414 | 0.643
3 (0.016) | (0.091)

Domes- |SH6550| 9.2 6.8 77.0 | 183 | 939 | 88.0 | 0.08 | 061 ND 0.05 | 0.16 | 022 | 0.404 | 0.478

(0.035) | (0.026)

Refer- |B0467B| 9.2 6.7 74.7 2.16 91.0 91.3
ence 03
prepa-
ration

0.37 1.03 0.06 0.08 0.20 036 | 0.494 | 0.454

(0.035) | (0.031)

: Anhydrous substance; # sum of areas of peaks 7 —11; & NTU value of the standard solution (No. 1) was 5.4 - 6.6.
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tions. On day 0, the color of three batches of generic prepara-
tion and domestic reference preparation was lighter than the
yellow-green No.7 standard solution, while the reference
preparation was darker than the yellow-green No.7 standard
solution. After 3 months, the domestic reference preparation
was darker than the yellow-green No.7 standard solution. Af-
ter 6 months, two batches of the generic preparation were
found to be darker than the yellow-green No.7 standard solu-
tion, while one batch remained lighter than the yellow-green
No.7 standard solution. Differences in color values of each
sample solution through the course of the stability experi-
ment are presented in Table 4.

In the test for compatibility with the rubber closures, the
rate of change of turbidity of the generic preparation was
slightly higher than that of the reference domestic reference
preparations, which were found to be similar. The turbidity
values of all the samples were much lower than that of the
turbidity standard solution (No.0.5).

3.6. Comparison of Adverse Drug Reactions

Analysis of the serious adverse reactions data of
ceftriaxone sodium for injection from 2010 to 2018 in the
National Database of Adverse Drug Reactions showed that
there were significant differences in the types of adverse re-
actions caused by products from different manufacturers.
There were 20,254, 31,112, 19,498 and 18,138 adverse drug
reaction reports for the domestic original, imported, and the
two other domestic products, respectively. Among them,
2407, 2908, 2189 and 1153, respectively were serious ad-
verse reactions.

The incidence of cardiovascular events (palpitation,
cyanosis, hypertension, hypotension, arrhythmia, tachycar-
dia, myocardial ischemia, cardiac arrest, bradycardia, etc.)
caused by the domestic preparations was approximately
twice as high as that caused by the imported products; the
cases of respiratory damage (dyspnoea, cough, shortness of
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TABLE 4. Comparison of Solution Color differences in the Ge-
neric, Domestic Reference, and Reference Preparations during the
Stability Experiment*

Sample Day 0 Month 3 Month 6

Generic preparation-1 3.71 9.42 13.36
Genetic preparation-2 3.98 12.99 15.71
Genetic preparation-3 3.91 10.34 14.25
Domestic reference prepa- 9.38 15.59 16.10
ration

Reference preparation 16.63 22.07 37.74
Yellow-green No.7 stan- 13.46

dard solution

* Five bottles of each batch of sample were taken at each sampling
time point, the color difference was measured for each bottle and av-
eraged).

breath, laryngeal oedema, asthma, bronchial spasms, respira-
tory depression, etc.) were approximately 2(3 times those
caused by the imported products; and the incidence of other
systemic side effects (chest pain, chills, fever, periorbital oe-
dema, oedema, high fever, paleness, fatigue, pain, oral oe-
dema, discomfort, fainting, systemic oedema, etc.) was ap-
proximately 1.5 times higher than that caused by the im-
ported products. These data are summarized in Table 5.

4. DISCUSSION

The raw material of ceftriaxone sodium is thought to be
the key factor affecting the quality of the final product. This
is produced in a crystallisation process, which not only deter-
mines whether salt formation has gone to completion but
also influences compatibility with the rubber closure, and

TABLE 5. Serious Adverse Reactions of Ceftriaxone Sodium for Injection Reported for Different Manufactures in the National Database of

Adverse Drug Reactions

Organ system affected by adverse reaction Imported Domestic original Domestic Domestic

products products product-1 product-2

Skin and its attachment damage 43.41% 39.51% 22.12% 20.75%
Immune dysfunction and infection 15.01% 13.02% 12.77% 19.02%
Systemic damage 14.32% 14.34% 21.13% 17.78%
Respiratory damage 8.94% 6.71% 21.59% 16.27%
Gastrointestinal damage 4.83% 4.46% 6.00% 7.01%
Nervous system damage 4.11% 3.17% 4.50% 6.52%
Cardiovascular damage 3.12% 4.24% 7.95% 8.43%
Vascular vessels damage and coagulation disorders 1.53% 3.10% 1.86% 1.24%
Blood system damage 1.14% 4.29% 0.11% 0.40%
Hepatobiliary damage 1.01% 3.46% 0.21% 0.67%
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consequently, the type and content of impurities in the prod-
uct. This study systematically compared the generic and ref-
erence preparations for consistency (Table 3). Powder x-ray
diffraction was used to compare the crystallization process of
ceftriaxone sodium raw material with the reference prepara-
tion; the rate of salt formation and protein binding were used
to further evaluate the difference between ceftriaxone so-
dium raw material and the reference preparation; and the
content of ceftriaxone (C,,H N, O.S;) and water in
ceftriaxone sodium were taken as the routine quality control
indicators of the raw material, which could also be used for
evaluating the quality of ceftriaxone sodium for injection.
Therefore, the quality of the raw materials used in
ceftriaxone sodium for injection could be ensured, and con-
sistent CQAs of the generic and reference preparations could
be maintained.

Solution clarity is a CQA of ceftriaxone sodium for in-
jection. The clarity of the domestic preparation was signifi-
cantly different from that of the original preparation [7]. Gas
chromatography analysis was used to evaluate the content of
transferable siloxane and BHT in the butyl rubber closures,
and the permissible limit was established using the linear re-
lationship between solution clarity and the content of volatile
components. Making sure that the content of BHT and silox-
anes in the closures did not exceed this limit would help en-
sure that the clarity of the solution remains unchanged during
storage.

The national evaluation inspection data showed that the
different of impurity profile between domestic ceftriaxone
sodium for injection was great. Impurities with different
structures result in different toxic reactions [13]. The
triazirine ring on the 3™-position side chain of ceftriaxone
sodium is the main toxic functional group [19, 20] and can
regulate the expression of various gene pathways in vivo
[20]. The E-isomer of ceftriaxone is evidently more toxic
than ceftriaxone [19]. 7-ACA and its derivatives are impor-
tant impurities that can lead to cardiac toxicity [21, 22].
Analysis of the data from the National Database of Adverse
Drug Reactions showed that there were significant differ-
ences in the types of adverse reactions caused by products
from different manufacturers (Table 5). The types of adverse
reactions caused by the domestic original products were sim-
ilar to those caused by the imported products, suggesting that
they represent the inherent adverse effects of ceftriaxone so-
dium. The types of adverse reactions caused by the two do-
mestic preparations were significantly different to those
caused by the imported products. The types of adverse reac-
tions also differed between the products from the two domes-
tic companies. This is an interesting observation, since the
impurity profiles of the generic and reference preparation
were found to be the same, and the raw materials and produc-
tion processes were controlled. Therefore, the adverse reac-
tions caused by the domestic products would be expected to
be similar to those caused by the reference preparation.

In concluding, this systematic study evaluated generic
preparations of ceftriaxone sodium for injection and found
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that the key factor restricting consistency evaluation is the
availability of basic technology in domestic pharmaceutical
enterprises. For cephalosporins, the process of crystallization
is the most critical factor in the production process of raw
materials. The crystallinity of the raw material affects the
physical and chemical properties, stability, and efficacy of
the final preparation. Ensuring consistency of the crystal
form of the raw material with that of the reference prepara-
tion is the basis of ensuring the consistency in the final prod-
uct. The impurity profile, rate of salt formation, and protein
binding rate are the key parameters to be evaluated in
ceftriaxone sodium for injection. By systematically compar-
ing the physical and chemical parameters (such as water, pH,
and particulate matter) and stability of the generic prepara-
tion with those of the original preparation, differences in the
quality, efficacy, and safety of the generic and original prepa-
rations can be understood, and a comprehensive quality con-
trol standard can be established. According to the generic
strategy of ceftriaxone sodium for injection proposed in this
study, the product achieved the expected effect. The generic
products were found to be similar to the domestic original
product, but differed slightly from the original preparation.
The continuous improvement of the crystallisation process
by domestic raw material enterprises is the key to ensuring
consistent product quality and promoting further improve-
ments in quality.
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spectrum were predicted to appear as [M+H]", [M+Na]" and
[M+K]" ion peaks, respectively. Therefore, the molecular
weight of impurity 3 was expected to be 371.01015 and it
was predicted to be impurity E (EP). The structure and mass
fragmentation pathway of impurity 3 are shown in Fig. 1-2.
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Fig. 1-1. The +EMS (1) and EPI (2) spectra of impurity 3.
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Fig. 1-2. The structures and mass fragmentation pathways of impurity 3.

The +EMS spectrum and secondary mass spectrum of
+EPI m/z = 950.08069 [M+H]" of impurity 7 are shown in
Fig. 2-1. The ions at m/z =950.08069 and 988.0360 in the
+EMS spectrum were predicted to appear as [M+H]" and
[M+K]" ion peaks, respectively. Therefore, the molecular
weight of impurity 7 was expected to be 949.08069. Based

on fragment ions in the secondary mass spectrum, it was sug-
gested to be a dimer formed by the hydrolysis of lactone on
the 3-side chain of ceftriaxone and the release of the ring
with ceftriaxone. The structure and mass fragmentation path-
way of impurity 7 are shown in Fig. 2-2.
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Fig. 2-1. The +EMS (1) and EPI (2) spectra of impurity 7.
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